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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Field of the invention on industry This invention relates to the outstanding electrical conductivity and thermal 
conductivity which compress a thermal expansion vapor growth graphite fiber, and change, a heat-resistant and 
chemical-resistant flexible graphite sheet material, and its manufacture approach. 

The conventional technique It is immersed, a graphite is made to react conventionally into mixed liquor with a 
fuming nitric acid or concentrated sulfuric acid and concentrated nitric acid, a nitrate, perchloric acid, a chlorate, 
a chromic acid, a chromate, or dichromic acid, a lot of water is added and washed to the generated graphite 
lamellar compound, and the manufacture approach of the thermal expansion nature graphite which consists of 
subsequently drying at the temperature of 100 degrees C or more is learned. Furthermore, the manufacture 
approach of the thermal expansion nature graphite which consists of processing the graphite powder of the 
natural graphite which distributed and slurred, pyrolytic graphite, or kish graphite with the peroxomonosulfuric 
acid generated at the temperature of 1 5-60 degrees C according to an operation of the hydrogen peroxide of 30% 
or more of concentration and concentrated sulfuric acid in concentrated sulfuric acid is proposed (JP 60- 
34492.B). 

Moreover, add the oxidizer of the mixture (concentration: 0.1N, 1.0N, or 10Ns) of the concentrated sulfuric acid of 
the graphite powder of a natural graphite, pyrolytic graphite, or kish graphite, and a nitric acid, and it processes in 
ordinary temperature. Subsequently, by generating the graphite which heated at 1000 degrees C and expanded in 
the direction of "C" of a original particle, after rinsing, and compressing into at least 80kg consistency of//m3 
under un-existing [ of adhesives ] The method of obtaining the flexible graphite sheet material which has the 
tensile strength of 1 .56 - 225 kg/cm2 at a room temperature by 0.00254-1 2.7mm in thickness is proposed 
(JP,44-23966,B). 

By the above-mentioned well-known approach, graphite powder, such as a natural graphite, pyrolytic graphite, 
and kish graphite, is used as a raw material, however, the flexible graphite sheet material which used as the raw 
material the expanded graphite obtained from these graphite powder — the hexagon-head tabular of the 
hexagonal system of a graphite — it laps with "C" shaft orientations in the shape of a layer as a flat thin crystal. 
Therefore, the property in which electrical conductivity, thermal conductivity, a dynamics property, etc. were 
excellent only about "a" and "b" shaft orientations speaks (it is the thickness direction where c shaft 
orientations are vertical to a sheet surface, and is the direction where a and b shaft orientations are parallel to a 
sheet surface.). 

For example, the flexible graphite sheet material currently indicated by JP.44-23966.B has a remarkable low fault 
as the electric specific resistance and the thermal conductivity of the thickness direction (c shaft orientations) 
are the following as compared with the direction of a field (a and b shaft orientations), respectively. 
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Therefore, it is anxious for offer of the flexible graphite sheet material which has the outstanding electrical 
conductivity and thermal conductivity with the electric specific resistance and the thermal conductivity of c shaft 
orientations, i.e., the thickness direction, almost equivalent to a and b shaft orientations of a field i e the 
direction. 

The result of having inquired wholeheartedly so that this invention person etc. may get a flexible graphite sheet 
material with the electric specific resistance and the thermal conductivity of c shaft orientations almost 
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equivalent to the electric specific resistance of a and b shaft orientations, and thermal conductivity, The vapor 
growth graphite fiber which has the nearly perfect graphite structure near the natural graphite obtained by 
carrying out graphitization processing of the vapor growth carbon fiber which has annual-rings structure is 
processed with an oxidizing quality concentrated-sulfuric-acid solution. The mixture of the obtained thermal 
expansion nature vapor growth graphite fiber or this thermal expansion nature vapor growth graphite fiber, and 
thermal expansion nature graphite powder is heated and expanded in temperature of 400-1700 degrees C 
Subsequently, based on a header and this knowledge, it came to accomplish this invention for the obtained 
graphite sheet having the electrical conductivity and thermal conductivity which were excellent in all the 
directions of a, b, and c axis by compressing. 

Configuration of invention The vapor growth graphite fiber obtained as a vapor growth graphite fiber of this 
invention by the approach currently indicated by JP.41 -12091 ,B. JP.50-64527.A, JP.52-103528.A. JP.58- 
1 8061 5.A, JP.60-27700.A, and Japanese Patent Application No. 61-92507 can be illustrated. 
For example, it is made to circulate within [ which is held with the carrier gas of inert gas, such as hydrogen or 
nitrogen gas, in hydrocarbon gas, such as benzene, toluene, methane and ethane, at 1000-1300 degrees C ] a 
reaction. And/or, a carbon fiber (carbon whisker) is grown up by using the metal particle of iron or transition 
metals as a catalyst nucleus, the product made from graphite within [ this ] a reaction, or the nucleation band on 
the base made from porcelain — Subsequently, a vapor growth graphite fiber can be obtained by carrying out 
graphitization processing of the obtained carbon fiber 1 minute or more at the temperature of 2400 degrees C or 



more. 



** — unlike the graphite fiber manufactured from the PAN system or the pitch based carbon fiber, the vapor 
growth graphite fiber obtained by making it like has nearly perfect annual-rings-like graphite structure. That is, 
the thermal conductivity is as follows at the electrical conductivity list of the fiber shaft orientations of the vapor 
growth graphite fiber used by this invention, and the growth direction (direction which goes to a fiber axis direct) 
of annual rings. 
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The vapor growth graphite fiber which has these properties A fuming nitric acid, or concentrated sulfuric acid and 
a nitric acid, Potassium chlorate, a chromic acid, potassium permanganate, perchloric acid, a hydrogen peroxide, 
With an oxidizing quality concentrated-sulfuric-acid mixed solution with the oxidizer of a sulfuric anhydride or 
persulfuric acid ammonium, process for 10 - 90 minutes, add and rinse 15-60 degrees C of a lot of water to the 
acquired resultant between graphite layers, and it dries at the temperature of 90 degrees C or more. 
Subsequently, a thermal expansion vapor growth graphite fiber can be obtained by heat-treating at 400-1700 
degrees C. The obtained thermal expansion vapor growth graphite fiber shows the same property as the thermal 
expansion graphite obtained from the natural graphite. 

The above-mentioned reaction between graphite layers can illustrate the approach of adding a vapor growth 
graphite fiber gradually and agitating it more than for 30 minutes, while it is desirable to carry out by processing 
with the mixed solution of concentrated sulfuric acid and a hydrogen peroxide, for example, it keeps the 
temperature of the mixed solution of a vapor growth graphite fiber which was mixed 40 or less % of the weight so 
that it might become 5 - 20 % of the weight preferably, and was subsequently obtained at 20-50 degrees C for 
concentrated sulfuric acid of 90% or more of concentration, and hydrogen peroxide solution of 30 % of the weight 
or more of concentration. to 
Mixture of the thermal expansion nature vapor growth graphite fiber independent or this thermal expansion nature 
vapor growth graphite fiber obtained as mentioned above, and an expansibility graphite (a mixed rate 50 or less % 
of the weight of vapor growth graphite fibers) Preferably, at 400-1700 degrees C, heat-treat 10 - 30 % of the 
weight, and it is expanded. Subsequently, a flexible graphite sheet material is preferably obtained at least 0 9 or 
more under existence of adhesives or nonexistence the thickness of 0.1 -10mm. and by compressing into the 
umbrella consistency of 1.0-1.5 under a room temperature. 

Since the thermal expansion vapor growth graphite fiber is entangled, and since a thermal expansion graphite 
exists between the thermal expansion vapor growth graphite fibers which became entangled, the electrical 
conductivity of the thickness direction and thermal conductivity become high in ****, and the obtained flexible 
graphite sheet material has, outstanding sheet reinforcement, for example, tensile strength. 
Effect of the invention The flexible graphite sheet material of this invention Thermal conductivity below by 
500micro ohm-cm preferably below 700micro ohm-cm More than 120 Kcal/m-hr and ** [ the electric specific 
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resistance of the direction of a field of a sheet ] More than 150 Kcal/m-hr and ** are shown preferably. The 
electric specific resistance of the thickness direction of a sheet Below 10,000micro ohm-cm Thermal 
conductivity below by 5,000micro ohm-cm preferably More than 10 Kcal/m-hr and ** It is the flexible graphite 
sheet material in which more than 20 Kcal/m-hr and ** are shown preferably and which tensile strength shows 
the electrical conductivity, the outstanding thermal conductivity, and outstanding reinforcement which have 40 - 
70 kg/cm2 preferably two or more 40 kg/cm. 

Furthermore, the flexible graphite sheet material of this invention also shows the outstanding thermal resistance 
and chemical resistance. 

Example - 1 and 2 Having added 60% hydrogen peroxide solution of the 20 sections, carrying out cooling churning 
of the sulfuric-acid 400 section 98%, and adding the vapor growth graphite fiber 100 section small quantity every 
in a 20-50-degree C temperature requirement subsequently, churning was continued for 60 minutes and the 
reaction between layers was performed. After the reaction, the product dried with the 1 00**5-degree C oven, 
after washing with sufficient quantity of water. 

The mixture (a mixed rate is 10:90) (example -2) of independent (example -1) or this thermal expansion nature 
vapor growth graphite fiber, and a thermal expansion nature graphite is heat-treated with a 1000-degree C 
electric furnace, respectively, the obtained thermal expansion nature vapor growth graphite fiber was expanded, 
subsequently it compressed under the nonexistence of adhesives, and the flexible graphite sheet of the thickness 
of 0.5mm and the umbrella consistency 1,0 was obtained. The electrical conductivity, the thermal conductivity, 
and tensile strength of the sheet are as follows. 
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[Translation done.] 
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CLAIMS 



(57) [Claim(s)] 

[Claim 1] the electric specific resistance of the direction of a field of a sheet — the flexible graphite sheet 
material which tensile strength is [ thermal conductivity / thermal conductivity ] two or more 40 kg/cm more 
than 10 Kcal/m-hr and ** more than 120 Kcal/m-hr and ** for the electric specific resistance of the thickness 
direction of a sheet, and an umbrella consistency is 0.9 or more, and consists of a thermal expansion vapor 
growth graphite fiber at least below by 10,000micro ohm-cm by below 700micro ohm-cm. 
[Claim 2] A vapor growth graphite fiber A fuming nitric acid or concentrated sulfuric acid and a nitric acid, 
potassium chlorate, a chromic acid, Process with an oxidizing quality concentrated-sulfuric-acid mixed solution 
with potassium permanganate, perchloric acid, a hydrogen peroxide, a sulfuric anhydride, or persulfuric acid 
ammonium, and a thermal expansion nature vapor growth graphite fiber is obtained. The manufacture approach of 
the flexible graphite sheet material which consists of obtaining the obtained thermal expansion vapor growth 
graphite fiber independent or the graphite which heat-treated mixture with a thermal expansion nature graphite at 
400-1700 degrees C, and expanded, and compressing the obtained graphite into an umbrella consistency and 0.9 
or more under existence of adhesives or nonexistence. 



[Translation done.] 
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